B NMR spectra were referenced externally with BF3·OEt2 in CDCl3.
Analytical thin-layer chromatography (TLC) was performed with silica gel 60 Merck F254 plates.
Column chromatography was performed with a Wakogel C-300 silica gel. Number-average molecular weight (Mn) and molecular weight distribution (Mw/Mn) values of all polymers were estimated by size exclusion chromatography (SEC) with a TOSOH 8020 series [a dual pump system (DP-8020), a column oven (CO-8020), and a degasser (SD-8020)] equipped with three consecutive polystyrene gel columns [TOSOH TSKgel: G2000H, G3000H and G4000H] and refractive-index (RI-8020) and ultraviolet detectors (UV-8020) at 40 °C. The system was operated at a flow rate of 1.0 mL/min with CHCl3 as an eluent. Polystyrene standards were employed for calibration. UV−vis absorption spectra were recorded on a SHIMADZU UV-3600 spectrophotometer. Fluorescence emission spectra were measured with a HORIBA JOBIN YVON Fluoromax-4P spectrofluorometer, and photoluminescence quantum yields were calculated as an absolute value by the integrating sphere method. Thermogravimetric analysis (TGA) was performed on an EXSTAR TG/DTA6220, Seiko Instrument, Inc. with the heating rate of 10 °C/min up from 40 to 500 °C under nitrogen flowing (200 mL/min). The decomposition temperatures (T5d) were determined from the temperature of the 5% weight loss. DSC thermograms were carried out on a SII DSC 6220, Seiko Instrument, Inc. The sample on the sealing aluminum pan was heated at the rate of 10 °C/min under nitrogen flowing (20 mL/min). Cyclic voltammetry (CV) was carried out on a BAS ALSElectrochemical-Analyzer Model 600D under an argon atmosphere. A three-electrode cell equipped with a glassy carbon (GC) working electrode, a Pt wire counter electrode, and an Ag/Ag + reference electrode.
The measurements were performed in degassed tetrahydrofuran with tetrabutylammonium perchlorate (0.1 M) as the supporting electrolyte at a scan rate of 50 mVs Ferrocene (Aldrich Chemical, Co.) was used as received. The LUMO level was calculated from the 3S equation: ELUMO / eV = -Ered / eV -4.8, and the HOMO level was calculated from: EHOMO / eV = ELUMO / eV -Eg opt / eV. X-ray fluorescence analysis (XRF) of gallium content in the samples was carried out on a Rigaku XRF-Primini spectrometer. FT-IR spectra were obtained on a Shimadzu IRPrestige-21 spectrometer.
Materials:
All reactions were performed under argon atmosphere. BF3·OEt2 (Sigma-Aldrich Co., LLC.; SA), gallium chloride anhydrous (Tokyo Chemical Industry Co., Ltd.; TCI), deoxidized toluene (Wako Pure Chemical Industries, Ltd.; Wako), [9,9-bis(dodecyl)-9H-fluorene-2,7-diyl]bisboronic acid (SA), 9-(9-heptadecanyl) -2,7-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) Synthesis of BF: Water (0.5 mL) was added to the solution of IB (50 mg, 0.074 mmol), 9,9-didodecylfluorene-2,7-diboronic acid (44 mg, 0.074 mmol), Pd2(dba)3 (2.0 mg, 2.2 μmol), S-Phos (2.1 mg, 5.2 μmol) and cesium carbonate (241 mg, 74 mmol) in toluene (0.5 mL). The reaction mixture was stirred at 80 °C for 24 h under argon atmosphere, and then 1,4-dimethyl-2-iodobenzene (26 mg, 13 μL, 0.16 mmol) was added to the reaction mixture. The reaction mixture was stirred at 80 °C for 12 h. After cooling to room temperature, the reaction mixture was poured into a large amount of methanol to collect the polymer as a precipitate. After the filtration, the product was washed with ethanol and water. The precipitate was dissolved in a small amount of THF, and then the product was reprecipitated from methanol. The polymer collected by filtration was dried in vacuum to give BF a yellow solid in 81% yield. Mn = 13,500, Mw/Mn = 2.5. 14, 151.84, 151.67, 142.69, 142.56, 141.90, 140.92, 140.73, 140.48, 139.45, 136.59, 135.02, 129.66, 4S 129.17, 128.27, 128.03, 127.87, 126.97, 126.71, 125.95, 122.61, 122.39, 121.32, 119.97, 99.88, 55.29, 40.38, 31.88, 30.03, 29.56, 29.50, 29.28, 23.87, 22.65, 14.06 ppm. 11 B NMR (CDCl3): δ = 1.76 ppm.
Synthesis of BC:
Water (2 mL 143.07, 141.91, 136.60, 135.00, 132.62, 129.71, 129.17, 128.25, 127.42, 127.10, 126.33, 122.73, 120.39, 118.31, 99.89, 33.81, 31.69, 29.36, 29.26, 29.10, 27.93, 26.81, 24.92, 22.53, 22.42, 13 .99 ppm.
11
B NMR (CDCl3): δ = 1.86 ppm.
Synthesis of BT:
Water (2 mL) was added to the solution of IB (0.12 g, 0.16 mmol), 3,3'-didodecyl-2,2'-bithiophene-5,5'-diboronic acid bis(pinacol) ester (0.11 g, 0.16 mmol), Pd2(dba)3 (1.5 mg, 1.6 μmol), SPhos (2.6 mg, 6.4 mmol) and cesium carbonate (0.52 g, 1.6 mmol) in toluene (2.5 mL). The reaction mixture was stirred at 80 °C for 24 h under argon atmosphere, and then 1,4-dimethyl-2-iodobenzene (50 mg, 25 μL, 0.20 mmol) was added to the reaction mixture. The reaction mixture was stirred at 80 °C for 12 h. After cooling to room temperature, the reaction mixture was poured into a large amount of methanol to collect the polymer as a precipitate. After the filtration, the product was washed with ethanol and water.
The precipitate was dissolved in a small amount of THF, and then the product was reprecipitated from methanol. The polymer collected by filtration was dried in vacuum to give BT as an orange solid (91%). 11, 163.82, 143.65, 142.52, 142.24, 141.77, 141.13, 136.42, 135.23, 132.07, 129.77, 129.58, 129.09, 128.41, 128.26, 128.12, 127.74, 126.40, 125.58, 125.31, 124.92, 99.73, 31.89, 30.65, 29.64, 26.61, 29.53, 29.46, 29.42, 29.32, 29.08, 22.66, 14 .08 ppm. 
Synthesis of LC:
Water (10 mL) was added to the solution of IL (0.30 g, 0.48 mmol), 9-(9-heptadecanyl)-2,7-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)carbazole (0.32 g, 0.48 mmol), Pd2(dba)3 (4.4 mg, 4.8 mmol), S-Phos (7.8 mg, 19 mmol) and cesium carbonate (1.6 g, 4.8 mmol) in toluene (5.0 mL). The reaction mixture was stirred at 80 °C for 24 h under argon atmosphere, and then 1,4-dimethyl-2-iodobenzene (40 mg, 20 μL, 0.16 mmol) was added to the reaction mixture. The reaction mixture was stirred at 80 °C for 15h. After cooling to room temperature, the reaction mixture was poured into a large amount of methanol to collect the polymer as a precipitate. After the filtration, the product was washed with ethanol and water. The precipitate was dissolved in a small amount of THF, and then the product
6S
was reprecipitated from methanol. The polymer collected by filtration was dried in vacuum to give LC as an orange solid (0.35 g, 95%). 
LC

Synthesis of LT:
Water (15 mL) was added to the solution of IL (0.30 g, 0.48 mmol), 3,3'-didodecyl-2,2'-bithiophene-5,5'-diboronic acid bis(pinacol) ester (0.36 g, 0.48 mmol), Pd2(dba)3 (4.4 mg, 4.8 mmol), S-Phos (7.8 mg, 19 mmol) and cesium carbonate (1.6 g, 4.8 mmol) in toluene (6.0 mL). The reaction mixture was stirred at 80 °C for 24 h under argon atmosphere, and then 1,4-dimethyl-2-iodobenzene (40 mg, 20 μL, 0.16 mmol) was added to the reaction mixture. The reaction mixture was stirred at 80 °C for 17 h. After cooling to room temperature, the reaction mixture was poured into a large amount of methanol to collect the polymer as a precipitate. After the filtration, the product was washed with ethanol and water.
The precipitate was dissolved in a small amount of THF, and then the product was reprecipitated from methanol. The polymer collected by filtration was dried in vacuum to give LT as a brown solid (0.33 g, 79%).
LT Mn = 7,000, Mw/Mn = 2.0. 
Synthesis of GF, GC and GT:
GaCl3 (15 eq.) in diethyl ether (10 mL) was added to the solution of the ligand polymer in toluene (30 mL) at room temperature under argon atmosphere. NEt3 (15 eq.) was added to the mixture solution. The mixture solution was stirred at 100 °C for 15 h. After the solvent was removed by a rotary evaporator, the product was extracted by CHCl2 (10 mL). The filtrate was dropped into methanol (50 mL), leading to precipitating the desire compound. The solid collected by filtration was dried in vacuum to give the polymers containing gallium diiminate. (GF: 57 mg, 98%, GC: 160 mg, 89%, GT: 50 mg, 86%).
7S
GF: Mn = 9,500, Mw/Mn = 1.9. GT: Mn = 8,800, Mw/Mn = 1.6. 
30S
Lippert-Mataga Plots
Lippert-Mataga plots were conducted with the following formula.
where is the permittivity of vacuum ℎ equals Planck's constant, c equals the velocity of light in a vacuum, a is the Onsager cavity radius, n and ε are the refractive index and the dielectric constant of the solvent, and are the absorption and photoluminescence wavenumber, and are the dipole moments in the excited and the ground state, and Δf is the orientation polarizability defined as below, respectively.
Hence the slope derived from a plot of Stokes-shifts ( − ) as a function of Δf can be expressed as 
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